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An  Animal  Exceriment  of  tne  Fluorescence  Effects  ana 
tne  Siae-tffects  of  tne  Liant  Sensitive  Tecnniques 
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ABSTRACT 

'Tne  animal  experiments  suggest  tnat  small  white  mice 
with  sarcoma  ahd  liver  cancer,  in  which  hPD  ana  fluorescein 
sodium  are  injected  into  the  abdominal  cavities, 
have  intenser  fluorescence  in  tumours  than  in 
normal  tissue  when  tney  are  irradiated  Oy  an  He-Cd  laser. 
ana  various  types  of  lights  have  different  effects  on  tne 
sma I  I  wnite  mice  injected  with  hPO :  sun i  i gnt  has  the 
greatest  effect, and  a  100  W  electric  light  has  the  next;  and 
mPO  has  some  side-effects  on  the  liver  of  sma i i  white  mice. 

using  light  sensitive  tecnniaues  to  diagnose  ana  cure 
cancer  is  a  new  topic  under  active  studv  ai i  over  tne  world. 
Tne  dves  used  as  tne  sensitizers  are  hPu .  tiuorescein  sodium 
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etc.  mPO  Is  the  most  wiaety  used,  and  fluorescein  sodium  is 
the  second  widely  used.  In  order  to  compare  tneir 


fluorescence  effects  and  effects  of  different  lignt  sources 
to  tne  hpO  in  the  process  of  application,  we  naye  conducted  a 
series  of  animal  experiments.  The  results  of  our  experiments 
are  reported  in  tnis  paper^ 

1.  Tne  Animal  Experiments 

A  total  of  3  36  small  white  mice  were  used  in  the 
experiments.  Among  them,  32  were  transplanted  with 
sarcoma,  32  were  transplanted  with  ascites  type  liver 
cancer,  and  tne  other  272  were  the  normal  ones  with  weight 
aoout  1 8<-22  grams  . 


2.  Experimental  Sensitizers 

())  mPD.  a  powoer,  produced  Dy  Yangzhou  Biological 
Products  Factory  ,  was  diluted  into  a  orown-red  solution 
with  5  X  glucose  sod i um-cn i or i oe  solution  when  it  was  used. 
Tnis  dose  was  injected  into  the  tail  veins  or  aodominal 
cavities  of  the  small  white  mice  with  tne  appropriate  Dody- 
weight  doses, 

(2)  Fluorescein  sodium.  It  was  manufactured  as  a  powder 
Dv  Shanghai's  Second  Factory  of  Testing  Chemicals.  2S  grams 


per  Port  I  e.  When  it  was  used,  a  S  7.  concentration  ve  I  low 
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green  solution  was  prepared  ana  was  injected  into  the 
aDdominai  cavities  or  tail  veins  of  tne  small  wnite  mice, 


3.  Experimental  Light  Sources 


Sun  light,  a  100  watt  incahdesceht  lamp,  a  60  watt 
incahdescent  lamo,  natural  light,  dark  room,  He-Cd  laser 
were  used  as  light  sources.  The  He-Cd  laser  was  made  oy 
Jiangsu  Laser  Research  Institute  and  has  a  power  output  of 
30  mill i -watts,  a  i ight  soot  of  3  mm  i n  diameter,  ahd  a 
wave  I enath  of  44  16  A. 


4.  Exoerimehtal  Method  ahd  Results 


(1)  The  fluorescent  effects 


24  mice  with  sarcoma  and  another  24  mice 

1  oU 


with  ascites  type  liver  cancer  were  chosen  for 
observation,  and  each  section  was  divided  into  two  groups  with  12 
mice.  Each  group  was  divided  into  three  suD-grouos  and  each 
suD-grouD  consisted  of  four  mice.  hPD  ana  flourescein  sodium 
were  injected  into  their  aOdominai  cavities  with  the  doses 
eaui valent  to  one.  two,  ana  four  times  of  the  human  normal 
dose.  The  He-Cd  laser  was  used  to  irradiate  these  mice  at 
different  times  after  the  injection.  Then  we  ODservea  tne 
fluorescence  of  tne  sarcoma,  ascites  position,  and  the 
normal  tissues,  compared  witn  the  four  mice  which  also 
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carriea  sarcoma  ana  ascites  tyoe  liver  cancer  out  naa  not 
oeen  injected  hPD  and  fluorescein  sodium.  Tne  results  are 
listed  in  taoie  I  ana  2. 

Tne  aoove  suo-groups  1,  2,  3  of  mice  carrying 
sarcoma  ana  ascites  type  liver  cancer  Pad  no  fluorescence 
oefore  tne  He-Ca  irradiation,  ana  tnerefore  all  nad  negative 
react i ons . 


From  tables  1.  and  2.  we  can  see  that: 


a  )  a 


fter  a  6 


hour  irradiation  witn  tne  Me-Cd  laser,  tne  mice  carrying 


^180  ascites  type  liver  cancer  and  injected  with  5-»20 


mg/kg  MPD  can  produce  orange  color  fluorescence  in  Dotn 
tumour  and  normal  tissues.  Sucn  fluorescence  was  most 
Intense  within  24-48  hours,  and  tne  boundary  between  the 
tumour  and  normal  tissues  was  most  clear.  After  48  hours, 
tne  fluorescence  became  weak  gradually  and  disappeared  in 
tne  position  of  non-cancer  tissues.  Those  only  injected  with 
hPD  out  without  Me-Cd  laser  irradiation,  or  only  irradiated 
with  Me-Cd  laser  but  without  mPO  injection  did  not  produce 
f I uorescence . 

(b)  The  above  two  types  of  tne  white  mice,  irradiated 
with  the  Me-Cd  laser  one  hour  after  the  injection  with  20<~eo 
mg/kg  fluorescein  sodium,  produced  obvious  yellow-green 
fluorescence  in  the  tumour  tissues  but  tne  fluorescence  in 
tne  normal  tissues  was  auite  weak.  After  24  hours  tne 


fluorescence  in  tne  tumour  oosition  became  obviously  weak 


ana  tne  fluorescence  in  tne  normal  tissues  aisappearea 
graauaiiy.  After  48  nours,  the  fluorescence  aisappearea 
totally.  Tnose  only  injectea  with  fiuorescien  soaium  out 
witnout  Me-Ca  laser  irraaiation,  or  only  irraaiatea  with  He- 
Ca  laser  out  witnout  fluorescein  soaium  aia  not  proauce 
f I uorescence . 

(2)  Tne  influence  of  aifferent  light  sources  to  the 
small  white  mice  injectea  with  HPD 
(a)  Sun  I i gnt  group 

We  tooK  104  normal  mice  ana  aiviaea  them  into  two 
groups.  Each  group  had  54  mice  ana  they  were  aiviaea  into 
four  suD-grouPS.  One  group  was  injected  into  the 
aoaomlnai  cavities  with  mku  2^3  times  of  the  normal  aose. 
The  other  group  was  injected  into  the  tail  veins  with  HPD. 
Eacn  suD-grouP  was  oiacea  unaer  sun  i  i  gnt  for  different  times 
after  the  injection.  Tnen  they  were  comparea  with  the  four 
normal  mice  without  the  injection  of  HPD,  respectively.  The 
results  are  i i stea  in  tanie  3. 

(n)  Incanoescent  i amo  i i gnt ,  natural  1 i gnt ,  ana  aarK 

room 

We  tooK  68  normal  white  mice  ana  aiviaea  them  into  four 
groups.  Tne  first  group  haa  24  mice,  ana  the  others  haa  16. 
Each  group  was  aiviaea  into  two  suD-groups  ana  were  injectea 
into  the  aoaominai  cavities  ana  the  tail  veihs  with  a  normal 
ana  three  times  of  the  normal  aoses  separately.  After  the 


injection,  two  groups  were  placed  under  the  I i gnt  of  a  100- 
watt  and  a  60-watt  incandescent  lamp  respectively.  The 
distance  oetween  them  was  aoout  90  cm,  and  they  were 
irradiated  for  a  count i nuous  period  of  10  days  (8  hours  each 
day).  The  other  two  groups  were  uhder  the  natural  lignt  and 
in  tne  dark  room  for  na l f  a  month,  aho  were  compared  with 
the  four  normal  wnite  mice  without  PhD  injection.  As  a 
result,  on  tne  7tn  day^in  tne  group  under  the  100-watt 
lamo.  three  mice  with  a  three-time  aose  injection  of  MPD  had 
swollen  faces,  preferred  to  sleep,  and  died  on  the  8»»9th 
day.  The  pathology  diagnosis  was  that  the  liver  cells  had 
acid  addictive  change  and  dispersive  inflammation,  the 
lungs  were  slightly  oiood  filled.  Put  the  hearts.  Kidneys 
and  Skin  were  normal.  Tne  activity  of  the  other  2l  mice 
oegan  to  slow  and  their  diet  was  decreased  at  the  beginning 
of  tne  light  irradiation.  Tney  became  normal  after  2—4  days 
and  no  one  died.  After  naif  a  month  two  of  them  were 
selected  arbitrarily  and  killed  for  pathology  diagnosis.  Their 
liver  cells  had  dispersive  inflammation,  the  lungs  of  a  few 
of  them  nao  lymphocyte  infiltration,  and  the  hearts  and 
kidneys  were  normal.  The  other  three  groups  -  the  60-watt 
lamp  group,  the  natural  tight  group,  and  the  dark  room 
grouD,  were  similar  to  the  comparative  group  and  no  one 
died.  After  naif  a  month  two  mice  were  arbitrarily  selected 
from  each  group  and  were  killed  for  pathology  diagnosis.  Tneir 
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liver  ceils  had  disoersive  inflammation.  Out  the  hearts, 
lungs.  Kidneys,  and  skin  were  all  normal.  The  comparative 
group  had  no  abnormal  changes. 

5.  DISCUSSION 

(1)  Fluorescein  sodium  can  produce  different 
intensity  fluorescence  in  Doth  tumours  and  normal  tissue  one 
hour  after  the  injection,  out  hPO  reauires  24-48  hours  to 
produce  fluorescence.  "Considering  that  the  side-effects  of 
fluorescein  sodium  are  far  less  than  those  of  hPD,  and 
combining  our  experience  of  diagnosing  2  10  patients  for  ear, 
nose,  and  throat  cancers  with  fluorescein  sodium  taken 
orally,  we  think  that  in  the  application  of  the  light 
sensitive  tecnniaues  to  the  diagnosis  of  cancers  on  the  body 
surface  and  open  cavities  ana  channels,  fluorescein  sodium 
is  a  Detter  cnoice.  This  is  especially  important  in  tne 
large  scale  preventative  investigation. 

(2)  According  to  tne  result  of  tne  first  ana  second 
groups  which  were  under  sun  light,  tne  injection  with  2-3 
times  of  tne  normal  doses  of  HFP  and  placing  under  sun  tight 
within  48  hours  lead  to  tne  death  of  tne  sma i i  white 
mice.  The  speed  of  death  was  correlated  to  the  dose.  The 
mice  with  three  times  the  normal  dose  died  faster  than  those 
with  the  normal  dose.  According  to  the  disease  symptom  ana  the 
pathology  diagnosis,  the  cause  of  the  death  of  the  sma i i 


white  mice  might  be  related  to  allergy, 

(3)  According  to  the  experiments  of  the  third  and  fourth 
sub-groups  in  the  sun  light  groups,  the  eight  small  white 
mice  with  abdominal  cavity  injections  of  HPD  all  died  after 
sun  light  irradiation,  but  the  ta i 1  - ve i n - i n j ec te d  small 
white  mice,  although  they  had  abnormal  effects  after  the 
irradiation,  recovered  quickly.  This  manifests  that  the 
absorption  and  excretion  rate  of  the  abdominal  injection  is 
slower  and  HPD  stays  in  the  mice  body  longer.  This  leads 

to  the  fact  that  the  mice  with  abdominal  injections  still  had 
higher  body  concentrations  of  HPD  on  the  fifth  day  and 
therefore  were  more  sensitive  to  the  sun  light  thus  causing 
the  death  of  the  small  white  mice.  But  for  the  tail-vein- 
injected  small  white  mice,  because  the  absorption  and  excretion 
rate  was  faster,  the  body  concentration  of  HPD  on  the  fifth  day 
was  lower.  Thus  although  they  had  some  abnormal  effects,  the 
effects  were  light  and  they  recovered  after  a  few  days. 

(4)  According  to  the  results  of  mice  injected  with  HPD 
and  placed  under  the  100-watt  incandescent  lamp,  the  small 
white  mice  injected  with  HPD  were  not  sensitive  to  the  lOu-watt 
lamp  and  the  influence  was  not  large.  Among  them  three 

had  allergic  reactions  on  the  seventh  day  and  then  died 
gradually.  This  was  possibly  caused  by  the  individual 
differences  of  the  mice.  It  manifests  that  the  allergic 
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reactions  of  the  HPD  injected  mice  might  be  some  kind  of 
slow  reaction.  According  to  the  conclusions  2  and  4,  in  the 
application  of  HPD  in  clinics,  patients  should  avoid 
sun  light  and  100-watt  lamps  to  prevent  negative 
effects  . 


(5)  For  all  the  groups  injected  with  HPD,  the  liver 
cells  had  slight  changes  and  inflammation.  But  for 
most  of  the  comparative  mice  without  HPD  injection,  the 
liver  changes  were  not  obvious.  This  shows  that  HPD  has 
some  side-effects  to  liver  and  this  suggests  that, 
before  the  application  of  HPD,  liver  diagnosis  should  be  made 
for  patients.  If  the  liver  of  a  patient  has  abnormal  changes 
HPD  should  be  applied  very  carefully. 


l-caotion;  2-sutD-group;  3-tne  first  suD-group;  4-the  second 
suD-group;  5-the  tnird  suD-group;  6-the  comparative  group; 
7-hPD  dose;  8-norma i  dose;  9-twice  of  normal  dose;  10-four 
times  of  normal  dose;  1 1-un injected;  12-mg/kg;  13-mg/kg;  14- 

mg/kg;  15-  Time  Detween  hPD  injection  and  laser  irradiation; 
l6-nour;  1 7-f I ourescence  effect;  18-all  reactions  are 
negative;  19-  "A"  denotes  fluorescence  in  cancer  tissue,  "B" 
denotes  fluorescence  in  normal  tissues,  "C"  denotes  ascites 


type  cancer,  and  "D"  denotes  sarcoma  20-notes;  "++" 


denotes  fluorescence  is  strong  positive,  that  is;  the  orange 
hPD  fluorescence  and  the  yellow-green  fluorescence  of 
fluorescein  sodium  can  De  oDserved  easily  Dy  human  eyes.  *'+" 
denotes  the  fluorescence  is  weak  positive  and  the  weak 
orange  and  ye  now-green  fluorescence  can  still  be  observed 
by  numan  eyes.  "+"  denotes  the  suspectable  fluorescence, 
tnat  is:  tne  very  weak  orange  and  yei low-green  fluorescence 
still  can  be  seen  by  careful  observation,  denotes  no 

fluorescence,  that  is:  no  fluorescence  can  be  observed  by 


human  eyes,  (The  notations  are  the  same  in  table  2.) 


TaDie  2.  F luorescein  soaium  +  he-Ca  effects  to  carsoma  ana 


ascites  type  liver  cancer  of  small  white  mice  (the  second  group) 
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I- caotion;  2-sutD-group;  3-tr>e  ■first  group;  4-tPe  second 
grouo;  5-hPO  dose;  6-normal;  7-twice  of  normal  dose;  8-four 
times  of  normal  dose;  9-comparative  group;  1 0-norma l  dose; 

II - twice  of  normal  dose;  12-comparative  group;  13-numper  of 
small  white  mice;  14-time  between  dose  injection  and  sun 
light  irradiation;  15-time  of  sun  light  irradiation  (hours); 
16-resuit  of  irradiation;  17-0.5;  18-0.5;  19-0.5;  20-Ouring 
the  irradiation  all  are  activizeo  at  first  and  then  after  a 
few  minutes  the  or eat h  was  accelerated  and  tnen  died;  21- 
norma I ;  22-four  of  suD-group  A  and  three  of  sub-group  8  died 
after  1-2  days  of  the  irradiation;  another  one  of  sub- 
grouD  0  died  on  the  sevehth  day;  23-three  of  the  sub-group 

A  and  four  of  the  sub-group  6  died  during  or  after  the 
irradiation;  the  another  one  of  the  sub-group  A  died  on  the 
second  day  after  the  irradiation;  24-norma l ;  25-pathology 
diagnosis;  26- liver;  the  gate  vein  and  the  central  vein  had 
obvious  expansion  and  filled  with  blood,  liver  and 
collection  tubes  had  slight  lymphocyte  infiltration,  lungs 
had  different  degree  of  lymphocyte  infiltration  in  the 
bronchuses,  heart  muscle,  kidneys,  and  skin  were  normal;  27- 
three  of  group  A  were  normal,  the  other  one  had  dispersive 
inflammation  in  liver,  all  of  group  6  were  normal;  28- liver: 
gate  ve i ns  were  all  s l i ght i y  o I ood  fill ed ,  1 i ver  cells  were 
acid  addictive  and  had  dispersive  inflammation,  lung: 
lymphocyte  infiltration  in  bronchuses,  but  hearts,  kidneys. 
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and  skin  were  normal;  29-aM  of  Group  A  were  normal;  tnree 
of  group  6  were  normal,  tne  otner  one  had  dispersive 
inflammation  effect  in  tne  lung;  30-suP-group;  31 -the  third 
group;  32-the  fourth  group;  33-HPD  dose;  34-normal;  35-three 
times  of  normal  dose;  36-comparative  group;  37-normal;  38- 
tnree  times  of  normal  dose;  39-comparative  group;  40-number 
of  small  white  mice;  41-time  between  dose  injection  and  sun 
light  irradiation;  42-days;  43-days;  44-time  of  sun  light 
irradiation;  45-resuit  of  irradiation;  46-a l i  of  group  A 
died  on  the  second  or  third  day  after  light  irradiation;  47- 
aii  of  group  A  died  after  two  hours  of  irradiation;  48- 
norma 1 ;  49-normal;  50-group  A  had  decreased  diet  in  the 
first  day  of  irradiation,  ana  recovered  on  the  second  day, 
group  B  were  normal;  51 -normal;  52-eight  of  group  6  had 
swollen  faces  effect,  sleep  preference,  and  diminished  eye 
lids,  tne  effects  became  less  after  3-4  days,  and  they 
recovered  after  5-6  days.  53-pathology  diagnosis;  54-eight  of 
group  A  had  blood-filled  changes  in  livers,  lungs,  and 
kidneys,  but  hearts  and  skin  were  normal,  eight  of  group  6 
had  scid  addictive  effect  of  liver  cells,  but  hearts, 
lungs,  kidneys  and  skin  were  normal;  55-normal;  56- 
dispersive  Inflammation  effects  in  livers  and  lungs,  but 
Skin,  hearts,  and  kidneys  were  normal;  57-group  A  were 
normal,  three  of  group  B  were  normal,  the  other  one  had 
dispersive  inflammation  effect;  58-notes:  (1)  "A"  denotes 


the  small  white  mice  with  MPD  injected  into  the  abdominal 
cavities,  "B"  denotes  the  small  white  mice  with  MPD  injected 
into  tail  veins.  (2)  The  effect  of  sun  light  on  the  80  small 
white  mice  injected  with  fluorescein  sodium  were  similar  to 
the  comparative  group. 


